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IMAGE READING LENS AND IMAGE
READING APPARATUS USING IMAGE
READING LENS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to an 1image reading lens for
reading an original placed on an original table and an 1image
reading apparatus using the image reading lens. In particular,
the present invention 1s suitable for image reading apparatus
such as an image scanner, a copying machine, and a facsimile
machine, which are capable of high-precision image reading,
by fully utilizing the optical performance of an 1mage reading,

lens having an anamorphic lens.

2. Description of the Related Art

Up to now, as apparatus for reading image information of
an original placed on an original table, image reading appa-
ratus such as an 1image scanner and a digital copying machine
are known. Of the 1image reading apparatus, there 1s known a
flatbed type 1image scanner using an integrated scanning opti-
cal unit (carriage-integrated unit) in which an 1maging optical
system for image reading and a reading unit are contained 1n
a case (carriage).

In this image reading apparatus, the original placed on the
original table 1s 1lluminated directly or through a reflection
shade with a light beam emitted from an i1llumination light
source. An optical path of the light beam retlected on the
original 1s bent 1n an nner portion of the carriage through
multiple reflection mirrors. The 1image information of the
original 1s imaged by the imaging optical system on a surface
of a linear 1mage sensor (hereinafter referred to as “CCD
sensor” or “CMOS sensor”) i which reading pixels are
arranged 1n a main scanning direction. The carrniage 1s moved
in a sub scanning direction by a sub scanning motor to read
the 1mage mformation of the original. The read 1image 1nfor-
mation 1s sent to an external device, for example, a personal
computer through an interface.

In recent years, the image reading apparatus having the
structure described above 1s desired to be reduced 1n size. In
order to achieve the reduction in size, 1t 1s important to reduce
the size of the carnage. In order to reduce the size of the
carriage, for example, there are a method of increasing the
number of reflection mirrors and a method of performing
multiple reflections using a single reflection mirror to ensure
an optical path length. In addition to this, in recent years, there
1s proposed an 1mage reading apparatus in which an anamor-
phic lens having at least one surface with a rotationally asym-
metric shape about an optical axis i1s 1ntroduced into the
imaging optical system (1mage reading lens). In the case of
the 1mage reading apparatus, a view angle of the imaging
optical system (1maging system) 1s widened to reduce an
object-to-image distance, to thereby shorten the optical path
length and reduce the overall size of the apparatus.

When the anamorphic lens 1s used for the 1maging optical
system as described above, an 1image field curvature aberra-
tion may be effectively reduced, and hence image information
with an excellent contrast may be obtained. However, when
the anamorphic lens 1s used, an 1maging magnification, par-
ticularly, an imaging magnification 1n the sub scanning direc-
tion (sub-scanning magnification) may be changed from the
optical axis to a peripheral region. Therefore, when an image
1s to be read by a three-line color sensors of R, G, and B of a
color image reading apparatus, an 1maging position 1s shifted
for each of the colors, and color drift may occur in the sub
scanning direction.
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In contrast to this, there 1s proposed a color image reading,
apparatus 1n which the specifications (shapes) of a line sensor
and a distortion component of an 1image reading lens 1n a sub
scanning direction are suitably set to obtain an excellent color
image (see Japanese Patent Application Laid-Open No. 2000-
307800). Further, there 1s proposed a color 1image reading
apparatus 1n which a shape of a lens having two anamorphic
surfaces 1s suitably set to obtain an excellent color image (see
Japanese Patent Application Laid-Open No. 2008-065234).

In recent years, there 1s a strong demand for the image
reading apparatus to read image information with high con-
trast and high precision during the reading of image informa-
tion. In order to read the image information with high preci-
s10n 1n the 1mage reading apparatus, it 1s important to reduce
sagittal flare and an 1image field curvature 1n the main scan-
ning direction. It the sagittal flare and the 1image field curva-
ture are not suitably corrected, 1t 1s difficult to excellently read
the 1mage information with high contrast over the entire
region in the main scanmng direction.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an 1mage
reading lens 1n which sagittal flare and an 1mage field curva-
ture aberration 1n a main scanning direction may be reduced
to read 1image information with high precision, and also pro-
vide an 1image reading apparatus using the image reading lens.

In order to address the above-mentioned problems, accord-
ing to the present invention, there 1s provided an 1image read-
ing lens to be used for an 1mage reading apparatus for reading
image information of an original by imaging the image infor-
mation of the original on a reading unit including multiple
reading pixels arranged 1n a main scanning direction and by
relatively moving the original and the reading unit 1n a sub
scanning direction, the image reading lens including an
anamorphic lens having at least one anamorphic surface with
an aspherical shape which 1s rotationally asymmetric about
an optical axis, 1n which; the anamorphic surface has a non-
arc shape 1n each of a main scanning section and a sub scan-
ning section; and the anamorphic lens has a positive optical
power 1n the main scanning direction on the optical axis, and
a non-arc amount of the sub scanning section of the anamor-
phic surface continuously changes with an increase in dis-
tance from the optical axis 1n the main scanning direction.

In the above-mentioned 1image reading lens, 1n the at least
one anamorphic surface, the main scanmng section and the
sub scanning section can have the same shape 1n an on-axis
light beam diameter range relative to the optical axis.

Further, 1n the above-mentioned 1mage reading lens, the
following condition can be satisfied:

0.5=5/d=<3.0

where d (mm) indicates a thickness of the anamorphic lens
and S (mm) indicates an on-axis eifective length of a light
incident surface in the sub scanning direction.

Alternatively, in the above-mentioned reading lens, the
anamorphic lens can include a light incident surface and a
light exiting surface each having an anamorphic shape which
1s rotationally asymmetric about the optical axis.

Alternatively, in the above-mentioned 1image reading lens,
the anamorphic lens can be molded by resin.

Further, 1n the above-mentioned 1mage reading lens, the
image reading lens can include, 1n order from a surface of the
original; a first lens of a positive lens having a meniscus shape
with a convex surface facing the surface of the original; a
second lens of a negative biconcave lens; a third lens of a
positive biconvex lens; and a fourth lens which has a meniscus
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shape with a convex surface facing toward the reading unit
and includes an anamorphic surtace.

Further, 1n the above-mentioned image reading lens, the
following condition can be satisfied over an entire region 1n
the main scanning direction:

~15<54 /S4,<15

where S4, indicates a fourth-order coefficient related to a
sagittal line of the anamorphic surface at an arbitrary position
in the main scanning direction, and S4, indicates a fourth-
order coellicient related to an on-axis sagittal line of the
anamorphic surface.

According to another aspect of the present invention, the
present 1nvention encompasses an image reading apparatus
including the above-mentioned image reading lens.

The present invention can provide the image reading lens in
which sagittal flare and an 1mage field curvature aberration in
the main scanning direction may be reduced to read 1mage
information with high precision.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a main part schematic view illustrating a funda-
mental structure of an optical system of an 1mage reading
apparatus according to the present invention.

FI1G. 2 1s a lens section in Numerical Embodiment 1 of the
present invention.

FIG. 3 1s a diagram 1llustrating various aberrations in
Numerical Embodiment 1 of the present invention.

FI1G. 4 1s a graph 1llustrating a color drift amount caused by
a sub-scanming magnification in Numerical Embodiment 1 of
the present invention.

FIG. 5 15 a lens section 1n Numerical Embodiment 2 of the
present invention.

FIG. 6 1s a diagram illustrating various aberrations in
Numerical Embodiment 2 of the present invention.

FI1G. 7 1s a graph 1llustrating a color drift amount caused by
a sub-scanmng magnification in Numerical Embodiment 2 of
the present invention.

FIG. 8 1s a main part perspective view illustrating a rela-
tionship between an anamorphic lens and an 1image plane.

FIG. 9 1s a main part schematic diagram illustrating the
image reading apparatus according to the present invention.

FIG. 10 1s a main part schematic diagram 1llustrating the
image reading apparatus according to the present invention.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, embodiments of the present invention are
described with reference to the attached drawings. According
to an 1mage reading lens in the present invention, 1image
information of an original 1s imaged on a reading unit includ-
ing multiple reading pixels arranged 1n a main scanning direc-
tion (one-dimensional direction). The 1mage reading lens 1s
used for an 1mage reading apparatus in which the original and
the reading unit are relatively moved 1n a sub scanning direc-
tion orthogonal to the main scanning direction to two-dimen-
sionally read the image information of the original.

FIG. 1 1s a main part schematic view illustrating a funda-
mental structure of an 1maging optical system used for an
image reading apparatus according to the present invention.
In FIG. 1, a color image (1image information) 1s formed on an
original 1. Reading areas 1R, 1G, and 1B for reading the
image miformation are located on the original 1. The image
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information 1s imaged to a reading unit 2 including three line
sensors (CCD sensors or CMOS sensors) 2R, 2G, and 2B

described later. The reading areas are in conjugate with a
surface of the reading unit 2. In this case, an arrangement
direction of reading pixels of the reading unit 2, that 1s, a
longitudinal direction of the reading areas 1R, 1G, and 1B 1s
set as the main scanning direction. An 1image reading lens
(1maging optical system) 3 includes an anamorphic lens hav-
ing at least one surface with a rotationally asymmetric shape
about an optical axis, and serves to image a light beam based
on the image information of the original 1 on the surface of
the reading unit 2.

The reading unit (line sensor) 2 mncludes a monolithic
three-line sensor 1n which the three line sensors 2R, 2G, and
2B are arranged 1n parallel to one another on the same surface
ol a substrate. The reading unit 2 includes the multiple read-
ing pixels arranged in the main scanning direction. Color
filters (not shown) for light beams of respective colors (for
example, red (R), green (), and blue (B)) are provided above
surfaces of the three line sensors 2R, 2G, and 2B. The line
sensors 2R, 2G, and 2B each have a width W 1n a short-side

direction (sub scanming direction orthogonal to main scan-
ning direction) and are arranged at line intervals L. When the
original 1 1s scanned (moved) in the sub scanning direction,
image information of the respective colors on the reading
areas 1R, 1G, and 1B of the original 1 are sequentially read by

linear sequential processing by the three line sensors 2R, 2@,
and 2B.

FIGS. 2, 3, and 4 are a lens sectional view illustrating the
image reading lens 3 according to Numerical Embodiment 1
of the present invention as described later, a diagram 1llus-
trating various aberrations (spherical aberration, astigma-
tism, distortion, and lateral chromatic aberration), and an
MTF distribution graph in a best focus position on the entire
main scanning region, respectively. FIGS. 5, 6, and 7 are a
lens sectional view illustrating the image reading lens 3
according to Numerical Embodiment 2 of the present imven-
tion as described later, a diagram 1llustrating various aberra-
tions (spherical aberration, astigmatism, distortion, and lat-
eral chromatic aberration), and an MTF distribution graph 1n
a best focus position on the entire main scanning region,
respectively.

In the lens sectional views of FIGS. 2 and 3, an original
surface P and an 1image plane Q) are set. An original table glass
C1, an 1image reading lens (1imaging optical system) LG, and
a cover glass C2 are provided. An1-th lens G11s counted from
the original 1 side. A stop SP 1s provided. An optical axis La
1s set. In the aberration diagrams of FIGS. 3 and 6, “¢”, “g”,
and “c” indicate an e-line, a g-line, and a c-line, respectively.
In addition, eAM and gAM 1ndicate a meridional image plane
for the e-line and a meridional 1mage plane for the g-line,
respectively. In addition, eAS and gAS 1ndicate a sagittal
image plane for the e-line and a sagittal image plane for the
g-line, respectively. Lateral chromatic aberrations relate to
the g-line and the c-line. In addition, Fno indicates an F-num-
ber and o indicates a haltf view angle. In the respective
embodiments, the mmage reading lens LG includes an
anamorphic lens having at least one anamorphic surface with
an aspherical shape rotationally asymmetric about the optical
axis La.

The anamorphic lens includes a main scanning section and
a sub scanning section which are formed 1nto a non-arc shape.
The at least one anamorphic surface has a positive optical
power 1n the main scanning direction on the optical axis
(paraxial ray) La. A non-arc amount of the sub scanning
section of the anamorphic surface continuously changes as a
distance from the optical axis LA increases in the main scan-
ning direction.
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As 1llustrated 1n FIGS. 2 and 5, the image reading lens LG
has the following specific lens structures provided in order
from the original surface P side to the image plane Q side.
That 1s, the image reading lens LG includes a first lens (posi-
tive lens) G1 of a positive optical power having a meniscus
shape with a convex surface facing the original surface P side,
the stop SP, a second lens (negative lens) G2 with biconcave
lens surfaces, and a third lens (positive lens) G3 with bicon-
vex lens surfaces. The image reading lens LG further includes
a fourth lens (anamorphic lens) G4 having a meniscus shape
with a convex surface facing the image plane Q side (reading,
unit side). The anamorphic lens G4 includes a light incident
surface R8 and a light exiting surface R9 which each have an
anamorphic shape, and 1s made of resin.

FIG. 8 1s a main part perspective view illustrating a rela-
tionship between the anamorphic lens G4 which 1s a compo-
nent of the image reading lens according to the present inven-
tion and the image plane Q. In FIG. 8, the optical axis La
(X-Direction) 1s determined by the first lens G1 to the third
lens G3 which have rotationally symmetric surfaces in FIGS.
2 and 5. The anamorphic lens G4 has, as a meridional line, a
section shape 1n the main scanning section (XY section)
including the arrangement direction (main scanmng direc-
tion) (Y-direction) of the pixels of the reading unit 2.

In the respective embodiments, on the optical axis La
(Y=/=0), a curvature RX(Y) of a meridional line 1n the main
scanning section of each of the anamorphic surfaces (light
incident surface and light exiting surface) R8 and R9 1s equal
to a curvature SX(Y) of a sagittal line 1n the sub scanning
section (XZ-section) including the optical axis La 1n the per-
pendicular direction (sub scanning direction, Z-direction,
sagittal direction) to the main scanning section. The main

scanning section and the sub scanning section have the same
shape 1n an on-axis light beam diameter range relative to the
optical axis La. The curvature (curvature of sagittal line)
SX(Y) 1n the perpendicular direction to the main scanning
section continuously changes as a distance from the optical
axis La increases 1n the meridional direction (Y-direction).
The non-arc amount of the sub scanning section continuously
changes as the distance from the optical axis La increases 1n
the main scanning direction. The anamorphic surfaces have a
positive optical power 1n the main scanning direction on the
optical axis.

Embodiment 1

Next, an i1mage reading lens according to Numerical
Embodiment 1 corresponding to Embodiment 1 of the present
invention 1s described. In Numerical Embodiment 1, “f” indi-
cates a focal length of the image reading lens LG, Fno indi-
cates the F-number, p indicates a magnification, Y indicates a
maximum object height, and o indicates the half view angle.
In the 1mage reading lens LG, “17 1

indicates a surface number
counted from the original surface P side. In addition, Ri
indicates a curvature radius of each surface, D1 indicates a
member thickness or air iterval between an 1-th surface and
an (1+1)-th surface, and Nd1 and vdi indicate a refractive
index of a material with respect to the d-line and an Abbe
number of the material with respect to the d-line, respectively.

In Numerical Embodiment 1 corresponding to Embodi-
ment 1, the shapes of the anamorphic surfaces are expressed
by, for example, expressions defined as below. Coellicients of
the anamorphic surfaces are also indicated below.

With respect to a shape of an aspherical surface having an
optical power rotationally asymmetric about the optical axis,
assume that an intersection between a lens surface and the
optical axis 1s an origin, the optical axis direction 1s the x-axis,
an axis orthogonal to the optical axis in the main scanning
section 1s the y-axis, and an axis orthogonal to the optical axis
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in the sub scanning direction 1s the z-axis. In this case, a
meridional shape X 1s expressed by the following expression.

y
R

1+\/1—(1+k},)(%)2

X = + B4_}F4 + Bﬁyﬁ + Bgyg + Bl[}ylﬂ

where R indicates a curvatureradius and k , B,, B4, Bg, and
B, indicate aspherical coellicients. When a plane perpen-
dicular to the meridional line on the meridional line 1s

assumed as a section, a sagittal shape S 1s expressed by the
following expression.

ZZ

S = I

1+\/l—(l+KE)(§)

i 2.4.6-8-10 ...
j12.4.6-8-10 ...

2 +ZDEZ" + S: S:Mj_k}/-fz"

k:2:-4:6-8 ...

1/F =1/rg+ EY* + E,YY + E YO + VP + Eo Y

where r, indicates a curvature radius of the sagittal line on
the optical axis, and R=r,,. In addition, D, M, .. B, By B Eg,
and E,, indicate aspherical coeflicients. Therefore, 1n
Numerical Embodiment 1 corresponding to Embodiment 1,
the curvature of the sagittal line 1s a curvature defined 1n a
plane including a normal to an anamorphic surface which 1s
perpendicular to the main scanning section and located at a
position 1n any meridional direction. In other words, the cur-
vature SX(Y) of the sagittal line 1s a curvature defined 1n a
plane including a line perpendicular to a tangent to a meridi-
onal shape which 1s perpendicular to the main scanning sec-
tion and located at a position 1n any meridional direction. The
curvature RX(Y) of the meridional line 1s a curvature at a
position Y 1n any meridional direction in the main scanming

section.

Numerical Embodiment 1

TABLE 1
Surface R D Nd vd
Cl1 <0 3.9 1.516 64.1
s
G1 1 10.343 3.37 1.603 60.6
2 114.839 1.31
SP 3 <0 0.38
G2 4 -29.751 0.82 1.640 34.5
5 10.686 0.51
G3 6 32.427 3.81 1.772 49.6
7 -32.427 5.06
G4 R* -58.083 2.57 1.53 55.8
Q* -23.784
C2 <0 0.55 1.516 64.1
s
f 29.0 mm
Fno 5.6
b 0.11
Y 152 mm
) 27.7°
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TABLE 1-continued
Eighth Ninth
surface surface
R -5.81En+01 -2.38FE+01
ky -1.30E+01 1.40E+00
B, -1.28E-04 ~7.69E-05
B, -7.15E-07 ~7.52E-07
Bg -1.51E-08 -1.07E-08
Bio 2.95E-10 7.07E-11
r -5.81E+01 -2.38FE+01
K. -1.30E+01 1.40E+00
D, -1.28E-04 ~7.69E-05
DR -7.15E-07 ~7.52E-07
Dyg -1.51E-08 -1.07E-08
Do 2.95E-10 7.07E-11
E, 1.72E-04 3.49E-04
E, 3.26E-06 -5.35E-06
Eg -2.66E-07 1.33E-07
Eq -3.81E-09 ~-7.66E-09
Fio 1.42E-10 R8.86E-11
M-, 3.94E-05 2.98E-05
L\ -4.44E-06 -2.60E-06
Mgy 1.25E-07 4.89E~-08
Mg, -1.04E-09 -2.35E~10

Next, coetficients M, ,, M, ,, M, ,,and M, ,ofboth the

surfaces R8 and R9 of the anamorphic lens of the image
reading lens LG according to Embodiment 1 are values
described above. Therefore, the non-arc amount defined up to
the fourth order in the sub scanning section at the position in
the main scanning direction continuously changes depending,
on the main scanning position. When a main scanning change
in non-arc amount 1s provided for both surfaces, a sagittal
flare 1s more excellently corrected.

In Embodiment 1, the coeflicients described above are
used, but any aspherical coetlicients of the definition expres-
sions described above may be used. The non-arc amount
change may be provided for not both surfaces but only one of
the surfaces. In this embodiment, the main scanning section
and the sub scanning section have the same shape 1n a range
of an on-axis light beam diameter of $3.5 mm relative to the
optical axis. Therefore, by forming the main scanning section
and the sub scanning section into the same shape in the
on-axis light beam diameter range, the on-axis optical pertor-
mance 1s excellently corrected. In this embodiment, com-
pletely the same shape 1s provided, but the present invention
1s not limited thereto. A shape difference between the main
scanning section and the sub scanming section 1n the on-axis
light beam diameter range may be 1n a range of £2 um.

The curvature of the sub scanning section in the direction
perpendicular to the main scanning section continuously
changes as the distance from the optical axis La in the meridi-
onal direction (y-direction) increases, and hence an image
field curvature 1s excellently corrected. The non-arc amount
of the sub scanning section also continuously changes as the
distance from the optical axis in the main scanning direction
increases, and hence the sagittal flare 1s excellently corrected
at the arbitrary position in the main scanning direction. There-
fore, as 1llustrated 1n FIG. 4, the image reading lens having a
substantially uniform and high contrast in the entire original
reading width range 1s realized. As 1illustrated in FIG. 3, the
image field curvature for the e-line 1s excellently corrected.
Thus, 1n this embodiment, the image field curvature and the
sagittal flare are excellently corrected at the arbitrary position
in the main scanning direction. Assume that S4, indicates a
fourth-order coetlicient related to a sagittal line at the arbi-
trary position 1n the main scanning direction and S4, indicates
a fourth-order coellicient related to an on-axis sagittal line. In
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this case, the following expression 1s satisfied 1n the entire
main scanning direction region.

~15<54 /S4,<15 (1)

In this embodiment, the eighth surface is as follows.

S4,=—3.89F£-04 to —=3.36£-05
S4,=—1.28L-04

S4/S4,=0.26 to 3.04
The 9th surface 1s as follows.

S4, =—4.89L-04 to —1.46£-05
S4,=-7.69L-05

S4/S4,=-0.19 to 6.36

In this embodiment, the anamorphic lens G4 1s molded by
resin. Because a lens diameter of the anamorphic lens G4 1s
apt to increase more among the constituent lenses, the resin 1s
used to realize a lower cost. Assume that d indicates a thick-
ness of the anamorphic lens G4 and S indicates an effective
length of the light incident surface 1n the sub scanning direc-
tion. In this case, the following condition 1s desirably satis-

fied.

0.5=5/d=<3.0 (2)

In this embodiment,
S=(3.5 mm
d=2.57 mm
S/d=1.36.

When S/d 1s smaller than a lower limit of Conditional
Expression (2), aratio of the thickness of the anamorphic lens
to the light beam diameter increases and a fluctuation in
molding shot becomes larger. This 1s not desirable. When S/d
exceeds an upper limit of Conditional Expression (2), the
ratio of the thickness of the anamorphic lens 1s too small, and
hence an optical element strength 1s insuilicient and a defor-
mation occurs during holding. This 1s not desirable. When
Conditional Expression (2) 1s satisiied, the anamorphic lens
having a balance between moldability and strength 1s easily
realized.

The power (optical power) of the anamorphic lens 1n the
main scanning direction 1s made positive, and hence a focus
shift due to a change in refractive index of glass which 1s the
material of the first, second, and third lenses and a change in
refractive index of the material of the anamorphic lens G4
during an increase in temperature 1s cancelled. Therefore,
stable imaging performance 1s achieved.

As described above, according to this embodiment, the
image reading lens may be obtained 1n which the excellent
correction of the sagittal flare and the reduction 1n 1image field
curvature aberration are achieved over the entire main scan-
ning direction region in the original surface.

Embodiment 2

Next, an 1image reading lens according to Embodiment 2 of
the present invention 1s described. Embodiment 2 1s different
from Embodiment 1 in the point of the definition of the
anamorphic surface. In Embodiment 2, the anamorphic sur-
face 1s defined as follows. With respect to a shape of an
aspherical surface having an optical power rotationally asym-
metric about the optical axis, assume that an intersection
between a lens surface and the optical axis 1s an origin.
Assume that the optical axis direction 1s the x-axis, the axis
orthogonal to the optical axis 1n the main scanning section 1s
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the y-axis, and the axis orthogonal to the optical axis in the
sub scanning section 1s the z-axis. In this case, an anamorphic
surface shape X 1s a shape expressed by the following power
series of Y and Z.

10

long as the shape difference between the main scanning sec-
tion and the sub scanning section 1s in the range of £2 um.
More pretferably, the main scanning section and the sub scan-
ning section 1n the range of the on-axis light beam diameter
relative to the optical axis have the same shape as long as the

X=3C, Y7 . . . . . ,
i shape difference between the main scanming section and the
The anamorphic surface 1s defined by the power series with sub scanning section 1s in a range of +1 um. Therefore, on-
respect to the optical axis as described above, and hence a ax1is performance 1s more excellently corrected.
result obtained by evaluating the shape of the optical element The curvature 1n the direction perpendicular to the main
1s speedily and easily fed back. Numerical values in Numeri- {5 scanning section continuously changes as the distance from
cal Embodiment 2 corresponding to Embodiment 2 are shown the optical axis La in the meridional direction (y-direction)
as 1n the case of Numerical Embodiment 1. increases, and hence an 1mage field curvature 1s excellently
TABLE 2
Surface R D Nd vd
Cl o 3.9 1.516 64.1
K
Gl 1 9.944 3.35 1.603 60.6
2 83.396 1.13
SP 3 o 0.42
G2 4 —25.733 0.81 1.640 34.5
5 10.432 0.53
G3 6 33.208 4.38 1.772 49.6
7 —20.734 4.93
G4 R* - 2.3 1.53 55.8
O -
C2 o 0.55 1.516 64.1
K
f 29.0 mm
Fno 0
B 0.11
Y 152 mm
(1) 27.7°
]
Cy 10 8 6 4 2 0
Eighth
surface
1 10 3.23E-10 6.63E-10
8 -5.53E-10  -1.29E-08  -1.06E-0%
6 0.30E-08  -1.67E-07 -1.85E-06
4 —1.87E-06 240E-06 -1.31E-04
2 4.37E-06 3.18E-06  -2.92E-02
0 6.63E-10 -1.06E-08 -1.85E-06 -1.31E-04 -292E-02 1.52E-08
Ninth
surface
1 10 1.37E-10 1.60E-10
8 -5.09E-10  -1.16E-08  -1.10E-0%
6 5.63E-08 1.84E-07  —-1.24E-06
4 —1.98E-06  -4.03E-06  -1.08E-04
2 9.33E-06 7.65E-05  -3.12E-02
0 1.60E-10 -1.10E-08  -1.24E-06  -1.08E-04  -3.12E-02 1.40E-06

The non-arc amount defined up to the fourth order of both
the surfaces R8 and R9 of the anamorphic lens of the image

reading lens LG according to Embodiment 2 1s values of 55

coelficients C24, C44, C64, and C84. Therefore, the non-arc

amount defined up to the fourth order in the sub scanning
section at the position in the main scanning direction continu-

ously changes depending on the main scanning position.
When a main scanning change in non-arc amount 1s provided
tor both surfaces, a sagittal flare 1s more excellently corrected.

This embodiment 1s not limited to the point that the
anamorphic surface 1s provided on each of both surfaces and
not limited to the fourth-order change of the sagittal line. In
this embodiment, the main scanning section and the sub scan-
ning section 1n a range of an on-axis light beam diameter of
¢3.2 mm relative to the optical axis have the same shape as

60

65

corrected. The non-arc amount of the sub scanning section
also continuously changes as the distance from the optical
axis 1n the main scanning direction increases, and hence the
sagittal flare 1s excellently corrected at the arbitrary position
in the main scanning direction. Therefore, as illustrated 1n
FIG. 7, the image reading lens having a substantially uniform
and high contrast in the entire original reading width range 1s
realized. As 1llustrated 1n FI1G. 6, the image field curvature for
the e-line 1s much excellently corrected.

In this embodiment, the values related to Conditional
Expression (2) above are as follows.

S=(3.2 mm
d=2.3 mm
S/d=1.39
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Therefore, 1n this embodiment, the image field curvature
and the sagittal flare are excellently corrected at the arbitrary
position 1n the main scanning direction.

Flatbed Type Image Reading Apparatus

FIG. 9 1s a main part schematic diagram 1llustrating a
carriage-integrated (flatbed type) image reading apparatus,
for example, a digital copying machine including the image
reading lens according to any one of Numerical Embodi-
ments 1 and 2 of the present invention. In FIG. 9, an original
51 placed on an original table 52 1s illuminated directly or
through a reflection shade with a light beam emaitted from an
illumination system 53. An optical path of a retlected light
beam from the illuminated original 51 1s bent 1n an inner
portion of a carriage 57 through {irst, second, third, and fourth
reflection mirrors 54a, 54b, 54¢, and 544. The bent light beam
1s imaged by an 1mage reading lens 56 according to any one of
Numerical Embodiments 1 and 2 on a surface of a line sensor
(linear 1image sensor) 53 serving as a reading unit.

The carniage 57 1s moved by a sub scanning mechanism 38
in a direction 1ndicated by the arrow H (sub scanning direc-
tion) to two-dimensionally read image information of the
original 31. The read image information 1s sent to an external
device 60, for example, a personal computer through an inter-
face 59.

The 1mage reading apparatus according to the present
invention includes the image reading lens 36 according to any
one of Numerical Embodiments 1 and 2 to read high-quality
image information while reducing the size of the entire sys-
tem. The 1image reading lens according to the present inven-
tion may be applied to not only the integrated (flatbed type)
image reading apparatus but also, for example, an 1mage
reading apparatus including a 1:2 scanning optical system as
illustrated 1n FIG. 10.

In FIG. 10, an original 61 1s placed on a surface of an
original table (original table glass) 62. An illumination light
source 63 includes, for example, a halogen lamp, a fluores-
cent lamp, a xenon lamp, or an LED array. A reflection shade
64 1s provided to retlect a light beam from the 1llumination
light source 63, to thereby efliciently 1lluminate the original
61. First, second, and third reflection mirrors 65, 66, and 67
are provided to bend an optical path of the light beam from the
original 61 1n an inner portion of a carriage 70. An 1mage
reading lens 68 according to any one of Numerical Embodi-
ments 1 and 2 1s provided to image a light beam of 1mage
information of the original 61 on a surface of a line sensor
(CCD sensor or CMOS sensor) 69. The carriage (main body)
70, a platen 74, a first mirror table 72, and a second mirror
table 73 are provided.

In F1G. 10, the original 61 1s illuminated directly or through
the retlection shade 64 with the light beam emitted from the
illumination light source 63. The optical path of the reflected
light beam from the 1lluminated original 61 1s bent in the 1nner
portion of the carriage (main body) 70 through the first,
second, and third reflection lenses 65, 66, and 67. The bent
light beam 1s 1maged by the image reading lens 68 on the
surface of the line sensor 69. In this case, the first, second, and
third reflection mirrors 65, 66, and 67 are moved 1n the sub
scanning direction so that electrical scanning 1s performed 1n
the main scanning direction (direction perpendicular to sheet
surface) to read the 1mage information of the original 61.

In this case, the second and third reflection mirrors 66 and
67 arec moved by half the movement amount of the first reflec-
tion mirror 65 to maintain a constant distance between the
original 61 and the line sensor 69.

In this embodiment, the 1image reading lens according to
the present invention 1s applied to the image reading appara-
tus which 1s the digital color copying machine. However, the
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present invention 1s not limited to this and may be applied to
various color 1image reading apparatus including a color
1mage sensor.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent

Application No. 2010-113171, filed May 17, 2010, which 1s
hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:

1. An 1imaging optical system which 1s used for an 1mage
reading apparatus for reading image mformation of an origi-
nal by respectively moving the original and a reading umit
including multiple reading pixels arranged 1n a first direction,
in a second direction orthogonal to the first direction, and
images the original on the reading unit,

the imaging optical system comprising an anamorphic lens

having an anamorphic surface with an aspherical shape
which 1s rotationally asymmetric about an optical axis,
wherein:

the anamorphic surface has a non-arc shape 1n each of a

first section orthogonal to the second direction and a
second section orthogonal to the first direction; and
the anamorphic lens has a positive optical power 1n the first

section on the optical axis, and

a non-arc amount 1 a second section of the anamorphic

surface continuously varies with increasing distance
from the optical axis along the first direction, so that a
Modulation Transfer Function curve does not have a
local minimum value over an entire region 1n the first
direction.

2. An i1maging optical system according to claim 1,
wherein, 1n the anamorphic surface, the first section and the
second section have the same shape 1n an on-axis light beam
diameter range relative to the optical axis.

3. An imaging optical system according to claim 1, wherein
the following condition 1s satisfied:

0.5=5/d=<3.0

where d (mm) indicates a thickness of the anamorphic lens
and S (mm) 1ndicates an on-axis eifective length of a light
incident surface of the anamorphic lens 1n the second direc-
tion.

4. An imaging optical system according to claim 1, wherein
the anamorphic lens includes a light incident surface and a
light exiting surface each having the anamorphic surface.

5. An 1imaging optical system according to claim 1, wherein
the anamorphic lens 1s molded by resin.

6. An 1maging optical system according to claim 1, wherein
the imaging optical system comprises, in order from a side of
the original:

a first lens of a positive lens having a meniscus shape with

a convex surface facing the side of the original;

a second lens of a negative biconcave lens;

a third lens of a positive biconvex lens; and

a Tourth lens which has a meniscus shape with a convex

surface facing toward the reading unit and includes an
anamorphic surface.

7. An 1maging optical system according to claim 1, where
in a case of defining that S4  1indicates a fourth-order coefti-
cient related to a sagittal line of the anamorphic surface at an
arbitrary position in the first direction, and S4, indicates a
tourth-order coetlicient related to an on-axis sagittal line of
the anamorphic surface, the value of 5S4, /54, continuously
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varies with increasing distance from the optical axis along the
first direction, so that a Modulation Transter Function curve
does not have a local minimum value over an entire region 1n
the first direction.
8. An image reading apparatus, comprising;: 5
an 1maging optical system; and
areading unit including multiple reading pixels arranged in
a first direction,
the image reading apparatus reads 1mage information of an
original by respectively moving the original and the 10
reading unit 1n a second direction orthogonal to the first
direction, and 1mages the original on the reading unit,
wherein:
the 1maging optical system comprises an anamorphic lens
having an anamorphic surtace with an aspherical shape 15
which 1s rotationally asymmetric about an optical axis,
the anamorphic surface has a non-arc shape 1n each of a
first section orthogonal to the second direction and a
second section orthogonal to the first direction,
the anamorphic lens has a positive optical power 1n the first 20
section on the optical axis, and
a non-arc amount 1n a second section of the anamorphic
surface continuously varies with increasing distance
from the optical axis along the first direction, so that a
Modulation Transfer Function curve does not have a 25
local minimum value over an entire region 1n the first
direction.
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